ABS1hACT Continuous cell lines that secrete both insulin and somatostatin were established by two cooprating groups of investigators from a serially transplantable, radiation-induced, rat islet cell tumor. The cell lines, named RIN-r and RIN-m, were initiated from tumors maintained in inbred rats or in athymic nude mice, respectively. The cultured cells are ppithelioid, free of fibroblast.contamination, and can be cloned.
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They have a hypodiploid chromosome number, are tumorigenic, and possess amine-handling properties, including high evels of L-dopa decarboxylase and formaldehyde-induced fluorescence. Preliminary analysis of clones revealed a spectrum of insulin secretion from undetectable to relatively high. These clonal cell lines provide important systems to study the biology of insulin and somatostatin.
Continuous cultures of pancreatic islet cells provide a potentially valuable tool for diabetes research. Although functioning islet cell cultures from humans and rodents have been maintained for various periods of time (1) (2) (3) , they have consisted of mixtures of cell types and have eventually been overgrown by fibroblasts. Likewise, functioning cultures of islet cell tumors have had relatively limited replicative ability and have not been established as continuous clonable cell lines (4, 5) . In this report we describe the establishment and cloning of a transplantable rat islet cell tumor. Both the tumor and the cultured cells derived from it secrete insulin and somatostatin.
MATERIALS AND METHODS Origin of the cultures. Cultures were initiated from a transplantable islet cell tumor (6) induced by high-dose x-irradiation in an inbred NEDH (New England Deaconess Hospital) rat. The tumor was maintained by serial transplantation in NEDH rats. After nine transplants, it was successfully heterotransplanted into athymic nude mice, BALB/c background (ARS/Sprague-Dawley, Madison, WI). Continuous cell lines were derived either from rat transplants (Joslin group) or from nude mouse heterotransplants (NCI-VA group). These cell lines were named RIN-r and RIN-m, respectively.
Establishment of RIN-r Cell Line. Tumors were removed aseptically from recipient rats and cut into small fragments The tumor cells were separated from the connective tissue stroma by washing the fragments with tissue culture medium 199 containing 0.1% fetal bovine serum, 16.5 mM glucose, and 400 units of penicillin per ml. The culture medium used throughout the remainder of the procedure was similar, but contained 10% fetal bovine serum. Erythrocytes present in the original cell suspension were removed by centrifugation (750 X g, 10 min) on a discontinuous gradient consisting of a solution of 25% di- microscope with epi-illumination (excitation wavelength 355-425 nm, barrier filter 460 nm). Tests for mycoplasma contamination were performed by Microbiological Associates (Bethesda, MD). Infection with murine leukemia virus was tested by assays for RNA-dependent DNA polymerase and fluorescent antibody assays for viral group-specific antigen as described (13) .
Hormone levels were measured by radioimmunoassay. Insulin levels were determined by a double antibody method using purified rat insulin standards (14) . Somatostatin levels were determined by a modification (15) of the method of Patel and Reichlin (16) . The antiserum used, D6, gave values identical to those with the Patel antiserum R149 (17) . Glucagon was measured by using antiserum 30K (purchased from Roger Unger) (18) .
RESULTS
Characteristics of Cultured Cells. RIN-r cultures consisted of epithelioid cells without apparent fibroblastoid contamination (Fig. 1A) ; their appearance was similar to that of RIN-m cells (Fig. 1B) As noted above, the appearance of RIN-m cells was identical to that of RIN-r cells (Fig. 1B) . The absence of stromal cells of mouse origin in RIN-m cultures was confirmed by isoenzyme analyses, which demonstrated the presence of rat and the absence of mouse forms of the enzymes, whereas nude mouse heterotransplants contained both forms (Fig. 2) . Population doubling times were 60-80 hr (Fig. 3) Supernatant fluids of RIN-m cultures were also assayed for insulin activity at several different passages. Initially, sublines maintained in DMEM and RPMI-1640 media released relatively high levels of insulin (Fig. 6 ). With time, the levels fell, and in DMEM insulin could not be detected after 190 days. In RPMI-1640 medium insulin secretion levels dropped during the first 100 days. Subsequently they fluctuated widely, but eventually settled between 150 cell lines revealed a wide range of insulin secretion, from undetectable to relatively high (Table 1) . Preliminary data indicate that at least some clones secrete somatostatin.
The presence of glucagon in the supernatant fluids of the parent lines and clones could not be unequivocally demonstrated, because the values obtained were near the lower limit of detectability of the assay (15 pg/ml of supernatant fluid). Clone 4 0 Clone 5 146 RIN-r cells, grown in medium 199, were cloned after 20 passages, and RIN-m cells, grown in DMEM, after 6 passages. Cells (10-100) were seeded into culture dishes (RIN-r) or microtiter plates (RIN-m). Individual colonies in dishes were isolated with penicylinders. Cells were harvested from microtiter wells in which only single colonies were observed. Colonies were grown to mass culture and tested for insulin secretion after three passages.
somatostatin, as does the transplantable tumor from which they were derived (6) . While levels of somatostatin secretion by the parent cell lines have been fairly constant, insulin levels have fluctuated widely and have varied with culture time and type of growth medium. Insulin secretion by the clonal isolates also varied considerably. Variations in insulin secretion by the cultures may, in part, be due to the simultaneous secretion of somatostatin, an inhibitor of insulin secretion (19) .
The parent cultures were established by two investigative groups using different approaches. Sato The cell lines have biochemical, functional, and morphological features that include them in the APUD cell series of Pearse (22) . APUD cells, and the tumors derived from them, belong to a miscellaneous collection of cells present in several organ systems, having in common the prime function of polypeptide hormone or amine production, and possessing mechanisms for the selective uptake, storage, and decarboxylation of amine precursors. RIN (23) .
The RIN cell lines offer important models to study the mechanisms and control of insulin and somatostatin secretion. They may also be used to identify hormone receptors ahdantigens on their surfaces and to determine the nutritional requirements for hormone secretion in defined media. If hormone secretion is expressed dominantly in interspecies hybrid cells, they may be used to identify the genes regulating hormone synthesis. Such studies will be aided by the identification of clonal cultures secreting single hormones.
